Stabilizing influence of calcium and magnesium ions on the decameric structure of chiton hemocyanins.
The stabilizing effects of Ca2+ and Mg2+ ions on the decameric structure of hemocyanins from two representative chitons, Stenoplax conspicua and Mopalia muscosa were investigated by light-scattering molecular weight measurements, ultracentrifugation, absorbance, and circular dichroism methods. The dissociation profiles at any given pH resulting from the decrease in divalent ion concentration, investigated at a fixed protein concentration of 0.1 g.liter-1, could be fitted by a decamer-to-dimer-to monomer scheme of subunit dissociation. The initial decline in the light-scattering molecular weight curves required one or two apparent binding sites per hemocyanin dimer formed as intermediate dissociation product, with apparent dissociation constants (kD,2) for Ca2+ ions of 0.7 to 7 X 10(-4) M, not very different from the value of 2.5 X 10(-4) M obtained by Makino by equilibrium dialysis for the hemocyanin of the opistobranch, Dolabella auricularia. The binding of Mg2+ ion to S. conspicua and M. muscosa hemocyanins appears to be both weaker than the binding of Ca2+ and more pH dependent, with kD,2 values ranging from the 3 X 10(-4) to 4 X 10(-2) M at pH 8.5 to 9.5. The dissociation the decameric hemocyanin species (sedimentation coefficient ca. 60 S) is also observed in the ultracentrifugation with the initial appearance of 18-20 S dimers, followed by a shift in equilibrium to monomeric species of lower sedimentation rates of 11-12 S as the divalent ion concentration is reduced below 1 X 10(-4) M Ca2+ and Mg2+. The dissociation of dimers to monomers in the second step of the reaction is characterized by one or two binding sites per subunit and a somewhat stronger affinity for divalent ions, indicated by apparent dissociation constants (kD,1) of 0.7 X 10(-4) to 3 X 10(-3) M. Circular dichroism and absorbance measurements at 222 and 346 nm suggest no significant changes in the conformation of the hemocyanin subunits produced by the different stages of subunit dissociation.